Abstract. Representative assemblages of agglutinated foraminifera from the Paleocene deposits of the Suha outcrop in the Tarcău Nappe (Eastern Carpathians, Romania) were analyzed using diversity indices, morphogroups and foraminiferal biofacies in order to describe the paleoenvironmental and palaeobathymetrical conditions of the studied area. The results suggest bathyal environments, close to the Carbonate Compensation Depth (CCD) and a flysch type biofacies. The assemblages are dominated by coarsely agglutinated flysch-type taxa: tubular (Nothia, Rhizammina, Rhabdammina), globular (Saccammina), flattened planispiral and streptospiral (Rzehakina) and flattened streptospiral forms (Paratrochamminoides and Trochamminoides). The agglutinated foraminifera morphogroups display variations through the section suggesting changes in the amount of organic matter, oxygen and seafloor disturbance caused by the local influence of the turbiditic flows. Based on the presence of the index taxa Rzehakina fissistomata throughout the entire section, the deposits were assigned to the Paleocene Izvor Formation.
INTRODUCTION
Paleocene assemblages of agglutinated foraminifera from the Eastern Carpathians (Romania) were mentioned in the Tarcău Nappe (between Suceava and Bistriţa valleys) by Ionesi and Tocorjescu (1968) , Săndulescu (1973) , Dicea (1974) , Ionesi (1974) , Bindiu and Filipescu (2011) and Mare (2014) . Similar assemblages from equivalent formations in other areas of the Carpathians were studied by Szczechura and Pozaryska (1974) , Olszewska (1981, 1982) , Geroch and Nowak (1984) , Bubík (1995) , Olszewska (1997) , Cieszkowski and Waśkowska-Oliwa (2002) , Bąk (2004) , Oszczypko et al. (2005) , Waśkowska-Oliwa (2008) , Cieszkowski et al. (2012) , Waśkowska et al. (2014) .
The aim of this study is to point out the biostratigraphical and paleoenvironmental conditions during the Paleocene based on detailed sampling of a representative section displaying the deposits of the Tarcău Nappe from the northern Moldavides (Săndulescu, 1984) . The deposits belong to the Izvor Formation (Ionesi, 1961) of the Tarcău Nappe ( Fig. 1 ) developed along the Suha Valley (Fig. 2) , close to its confluence with the Moldova River, near Frasin locality (N 47°31'05.2"; E 25°48'09.6"). The Paleocene turbidites of the Tarcău Nappe are overlapping the Hangu FormationUpper Cretaceous (Atanasiu, 1939) having the source area in the foreland (Bădescu, 2005) .
MATERIAL AND METHODS
The succession consists of alternating centimetric sandstones and silty clays; Tb-c and Tc-e divisions of Bouma sequence were observed on the sandstones. Seventeen samples were collected from the shales intercalations ( Fig. 3 ) and 250 g of sediment were processed from each sample by standard micropaleontological methods (boiling in water with sodium carbonate, washing over a 63 µm sieve and drying, re-treating with 0.3% hydrogen peroxide in some cases to further disintegrate the clay minerals). Where possible, more than 300 foraminifera were picked from the >63 µm fraction. Two tubular specimens were counted as one individual in order to consider fragmentation.
Primary identification was done under the stereomicroscope, while several specimens were examined in detail with a scanning electron microscope (Hitachi S-4700 -Institute of Geological Sciences, Jagiellonian University, Krakow, Poland).
In order to obtain palaeoecological information, quantitative data (Fisher's α, Shannon, Simpson and Equitability indicesdetailed by Murray, 2006) were calculated for the foraminiferal assemblages using the computer software PAST (Hammer et al., 2002) .
Palaeoecological methods also included the analysis of agglutinated foraminifera morphogroups (Nagy et al., 1995; Van der Akker et al., 2000; Kaminski & Gradstein, 2005; Cetean et al., 2011; Murray et al., 2011; Setoyama et al., 2011 Setoyama et al., , 2013 .
The lithologic log was drawn using the StratDraw application (Hoelzel, 2004) and the abundance of agglutinated morphogroups and calcareous benthic foraminifera graphics with GpalWin application (Goeury, 1997) .
Biostratigraphical interpretations are based on several deep-water agglutinated foraminifera zonal schemes Olszewska, 1981, Geroch and Nowak, 1984; Neagu et al., 1992; Olszewska, 1997) . Additional information was provided by planktonic foraminifera (only for sample 1). Ionesi, 1971; Juravle, 2007; Bindiu et al., 2016) .
Fig. 2.
Simplified geological map and location of the studied section in the investigated area (after Ionesi, 1971) .
RESULTS AND DISCUSSIONS
About 98% of the foraminiferal assemblages from the Suha Valley are dominated by deep-water species. Most samples (except for the barren sample 13) contain abundant, well to moderately preserved foraminifera. 92 taxa were identified (Table 1) representing all agglutinated foraminifera morphotypes (Setoyama et al., 2011 (Setoyama et al., , 2013 .
Types of foraminiferal assemblages
Two different assemblages of foraminifera have been identified in the Suha Valley section:
-Assemblages with agglutinated foraminifera (samples 2-8, 11 and 15) represented by Nothia excelsa (Grzybowski), Psammosiphonella cylindrica (Glaesssner), Placentammina placenta (Grzybowski), Ammolagena clavata (Johnes & Parker), Rzehakina fissistomata (Grzybowski), and Karrerulina conversa (Grzybowski). -Mixed assemblages consisting mostly of agglutinated benthics and rare calcareous benthics and planktonics. Calcareous benthic foraminifera (Cibicidoides, Dentalina, Nuttallides) are sparse (1-2 %) and appear in samples 1, 9, 10, 12, 14, 16, and 17 (Fig. 3) . Planktonic foraminifera occur only in the first sample as a few individuals of Eoglobigerina eobulloides (Morozova) and Parasubbotina spp.
Paleobathymetry
The composition of the assemblages from Suha Valley is similar to those identified in the Polish Carpathians by Waśkowska-Oliwa (2002, 2005) , and Gasiński and Uchman (2009) and and in the Lizard Springs by Kaminski et al. (1988) . They seem to be associated with small fluctuations of the CCD level as presence of planktonics and benthics suggest positions just above the CCD, while exclusively agglutinated assemblages lived below the CCD. 
Agglutinated foraminifera
Ammobaculites agglutinans R
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Conglophragmium irregularis R
Gaudryina sp. R The depositional settings were middle to lower bathyal as indicated by the bathymetrically useful species Ammolagena clavata (Plate I). This taxa is typical for middle and lower bathyal settings (Kuhnt et al., 2000; Fontanier et al., 2008; Alve et al., 2011; Waskowska, 2014) and has been described from high diversity foraminiferal assemblages from the turbiditic deposits with low terrigenous supply, moderate organic matter flux, as suggested by the relatively high proportions of tubular forms and flysch-type species (Kaminski & Gradstein, 2005) . Similar foraminiferal assemblages (dominated by agglutinated forms with low percentages of calcareous ones) were identified in the Paleocene deposits of the Skole Nappe -Polish Carpathians (Gasinski and Uchman, 2009) which is well known to be stretched in the Ukrainian Carpathians -Skyba Nappe and in the Eastern Romanian Carpathians -Tarcău Nappe (Slączka et al., 2006) . Micropaleontological similarities were also noticed in the Paleocene of the Subsilesian Unit of the Polish Carpathians (Waskowska-Oliwa, 2005 , 2008 . Based on the micropaleontological analyses and the geological context an affinity of the investigated section with the Skole Nappe is more plausible. "Flysch-type" agglutinated foraminifera Studia UBB Geologia, 2016, 60 (2), 17 -30
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The "flysch-type" agglutinated foraminifera biofacies (described by Kaminski et al., 1988 and summarized in Kaminski & Gradstein, 2005 ) was used to describe bathyal to abyssal environments. For the studied section the deepwater environments are confirmed by the presence of the flysch-type taxa Rzehakina spp. and Caudammina spp., reported only for this type of environments (Kaminski et al., 1988; Kaminski & Gradstein, 2005; Cetean, 2009; Setoyama et al., 2011) .
Agglutinated Foraminiferal Morphotypes & Diversity
All the agglutinated foraminiferal morphotypes are present in the studied section (Fig. 4) . M1 (tubular forms -Nothia spp., Rhizammina sp., Rhabdammina sp.), M2a (globular forms -Placentammina placenta (Grzybowski), Saccammina grzybowskii (Schubert), M3c (flattened streptospiral -Ammosphaeroidina pseudopauciloculata (Mjatliuk), Paratrochamminoides spp., Trochamminoides spp.), and M4b (elongate subcylindrical/tapered -Karrerulina conversa (Grzybowski), K. horrida (Mjatliuk)) consistently dominate the assemblages and have a uniform distribution along the section. The only exception is sample 3 where M3c morphotype records high values. The other morphotypes (M2b, M2c, M3a, and M4a) display low values throughout the section. An important event can be observed in sample 15 where the flattened irregular Ammolagena (M3b) shows a peak.
The diversity values (Fisher's α, Shannon, Simpson, and Equitability) show a positive correlation throughought the section (Fig. 5) . Higher values of these indices (samples 2, 9, 15, and 17) suggest favorable conditions with high supply of organic matter and low energy of the bottom water; this is also supported by the presence of all the morphotypes in high proportions at these intervals (Fig. 4) . The Ammolagena clavata (Jones & Parker) taxa is an attached form and it was found on the surface of the tests of tubular and planispiral agglutinated forms such as Rhabdammina sp. and Ammodiscus sp. The taxa was found in samples (Table 1) where the diversity indices displayed relatively high values (Fig. 5) suggesting favourable environmental conditions with a low terrigenous supply (Waskowska, 2014) . Similar paleoenvironmental conditions reflected by high diversity assemblages with Ammolagena clavata (Jones & Parker) together with Psammosiphonella, Bathysiphon, Placentammina and Paratrochamminoides were described by Waskowska (2014) from the Polish Carpathians (Magura Nappe and Skole Nappe).
Average values of the diversity (values between 10-14) in four samples (4, 5, 6, 7, 11, and 12) corresponds to transitional intervals and indicate moderate organic matter flux, energy and oxygen content at the sea floor. Low diversity values (as seen in samples 3, 8, 14, and 16) correspond to "stressed" environmental conditions with high organic carbon content and low oxygenated bottom sediments; this is confirmed by the darker color of the sediments. A high abundance of M3c (dominated by Ammosphaeroidina pseudopauciloculata (Mjatliuk)) can be observed in sample 3 (Fig. 4) corresponding to a low diversity. A similar situation was described from the lower Paleocene deposits of Lizard Springs (Kaminski et al., 1988) and was assigned to a deepening of the deposition, near the CCD. 
Biostratigraphy
Several stratigraphical zonations based on DWAF were proposed for the Cretaceous to Paleogene deposits of the Outer (Flysch) Carpathians by Morgiel and Olszewska (1981) , Geroch and Nowak (1984) , Neagu et al. (1992), and Olszewska (1997) . These zones can be well applied to the Suha Valley section (clearly dominated by agglutinated foraminifera). The presence of Rzehakina fissistomata (Grzybowski) -Plate II was observed in all of the studied samples and allows framing the studied section to the Rzehakina fissistomata Zone of the Paleocene interval. The occurrence of the index taxa represents a clear indicative of the Paleocene interval and it is commonly used in micropaleontological biozones of deep water Tethyan deposits (Jurkiewicz, 1967; Săndulescu, 1973 Săndulescu, , 1975 Ionesi, 1974; Neagu et al.,1992; Malata et al., 1996; Bąk et al., 1997; Bubik et al., 1999; Bąk, 2004 , Oszczypko et al., 2005 Waskowska-Oliwa, 2005 , 2008 Bindiu and Filipescu, 2011; Waskowska, 2014 Karrerulina conversa (Grzybowski), Ammosphaeroidina pseudopauciloculata (Mjatliuk) resemble similar Paleocene assemblages from Lizard Springs (Kaminski et al., 1988) and Outer Polish Carpathians (Cieszkowski and Waśkowska-Oliwa, 2002) .
The species Eoglobigerina eobulloides (Morozova) and Parasubbotina sp. have been recognized among the sparse and poorly preserved planktonic forms from sample 1. Their presence is typical for assemblages of early Paleocene (Olsson et al., 1999; Premoli-Silva et al., 2003) and confirms that the lowermost part of the studied deposits belong to the Paleocene Izvor Formation. Unfortunately, the low percentages of planktonic foraminifera do not allow more precise biostratigraphical interpretation.
CONCLUSIONS
New biostratigraphical and paleoenvironmental data were provided for the northern part of the Tarcău Nappe (Izvor Formation) based on agglutinated foraminifera.
The age of the analysed foraminiferal assemblages from the Izvor Formation of the Tarcau Nappe was established on the basis of the occurrence of the Rzehakina fissistomata (Grzybowski) taxa in all the samples. Therefore the data allow correlation support for the Izvor Formation by assigning the deposits to the Paleocene Rzehakina fissistomata Zone.
The alternating intervals containing only agglutinated taxa and intervals with rare calcareous benthic and planktonic foraminifera suggest bathyal environments with small fluctuations of the CCD level.
The variable morphotypes distribution together with oscillating diversity throughout the section suggests changes in the amount of oxygen, organic matter and energy at the sea floor probably caused by the local influence of the turbiditic flows.
The occurence of Ammolagena clavata (Jones & Parker) in rich and relatively well diversified assemblages together with the presence of characteristic representatives of "flysch type" biofacies indicate middle to lower bathyal settings for the studied deposits.
Plate I. 
